The extraordinary flood had hit the residential area at Taman Raia Mesra, Gopeng, Perak, Malaysia, in November 2016. The event illustrated how the river basin had been fully inundated due to the heavy rainfall and caused the overflow to this affected area. It was reported that the occurrence became worst as the outlet of retention pond which connects to the river is unsuitable for the water outflow. Henceforth, this paper attempts to evaluate the causal factor of this recent disaster by using a model developed from Lattice Boltzmann Method (LBM). The model also incorporated with the rainfall and stormwater in LABSWE6. The simulation was commenced with the basic tests for model validation comprising turbulent and jet-forced flow in a circular channel, which resulted in a good agreement for both models. The simulation continued by using LABSWE model to reveal the water depth and velocity profile at the study site. These results had proven the incompatibility size of the outlet pond which is too small for the water to flow out to the river. The study is capable of providing the authorities with a sustainable design of proper drainage system, especially in Malaysia which is constantly receiving the outrageous heavy rainfall.
Introduction
A flood is well defined as the overflow of high water from the occupied water basin system including river and stream [1] . Flood is ranked as a third largest of the disastrous events among the Asian countries after wave surge and wind storm [2] . The occurrence can be dangerous to life and can lead to economic and properties loss. In Malaysia, a flood is not a new occasion especially for those who settled at the northeast of Peninsular Malaysia. Generally, the area will be flooded during northeast monsoon season held between October and March almost every year.
Perak which is located nearby the northeast state of Peninsular Malaysia is not exempted from the flood attacks. In December 2014, the state of Perak was affected by the astonishing flood on a scale that has never been experienced before. It is reported that more than 50 relief centres have been operated due to this event, with Perak Tengah as the most affected district. Typically, the cause of flood is a heavy continuous rainfall; however, the major triggering factor for the flood is the improper drainage system [3] . Yoon et al.
(2010) investigated that almost 30% of the flood is contributed by the improper setup of a drainage system, followed by pollution and urbanization management with 20% and 18%, respectively [3] . The flood can affect one's life (death) and health including psychological or physiological problems [4] .
Recognizing the adverse consequence of the flood, there is a need to demonstrate such a natural phenomenon by using a model or device that provides an accurate prediction. The Computational Fluid Dynamics (CFD) model applied in the water sector is a prevailing device to simulate the condition of the fluid especially in urban hydrology and water management field [5] . The ability to investigate the real situation by using a device can help to predict the future condition [6] . Hence, we benefit by comparing and improvising both theory and the real-life situations. There are numerous numbers of computer models for simulating the water sector including WEST, SIMBA, and MIKE. The evolution in technology enables the researchers to study their scope up to the microscopic scale, and today it is even possible to formulate the complex system.
Mathematical Problems in Engineering
Lattice Boltzmann Method (LBM) is a modern computer model using High-Performance Computing (HPC) efficiently for fluid simulation within the complex geometries [7] . LBM is an advanced technique evolved from the Lattice Gas Automata (LGA) method.
LGA method represents the macroscopic physical variables; meanwhile, LBM is able to solve the flow problem up to the microscopic equation [8] . LBM is proposed to allow an easy program and can be used for simulating the complex flow in complex geometries. The LBM comprised three criteria including lattice Boltzmann equation, lattice pattern, and local equilibrium distribution function. These tasks are responsible for forming a lattice Boltzmann equation for shallow water flows known as LAB-SWE.
The LABSWE had been applied in various conditions of water flow by many scientists including steady and unsteady flows, tidal flows, and turbulent flows in different dimensions [7] . The findings were compared with the physical modelling or analytical solutions in order to demonstrate their validation. The result shows that the accuracy of the LABSWE is very promising, hence proving the efficiency and capabilities of the method in simulating fluids.
The flood study by using the numerical approached had been explored by many researchers [9, 10] . However, these studies focus on the scope of macroscopic result only. On the other hand, the study on flood is by using the LABSWE providing a microscopic outcome. The research may involve several variables including river profile, water flow direction, and water depth profile which help to estimate the future occurrence of the flood, hence reducing the risk of flood [11] .
Taman Raia Mesra located at Gopeng, Perak, is under construction for the residential area. The project site is about 30 acres of land with the presence of retention pond located nearby the housing area. The retention pond is attached with the adjacent river by an outlet. In November 2016, the area was flooded which caused a major loss to the developer. The area received about 821 mm rainfall intensity throughout the event. The continuous heavy rainfall is causing the water from the nearby river, Sg Tekah, to overflow at the site. It is mentioned that the housing area was inundated by flood for about three days. The ground visit observed that one of the factors that may cause the flood is the size of outlet drainage of the retention pond which is too small.
The study was then started immediately after the event to overcome the problem. The LABSWE is used in this study to analyse the flood at Taman Raia Mesra. The model also incorporates in the LABSWE the rainfall and stormwater parameters that lead to the flood. The few basic tests were investigated for the model validation including turbulent flow and jet-forced flow in a circular channel. The simulation results of the study area are capable of providing the authorities with a sustainable design of proper drainage system at Taman Raia Mesra, Gopeng, Perak, hence, preventing the occurrence of a future flood at the site.
Materials and Methods

Lattice Boltzmann Model for Shallow Water Equation with Turbulent Flow (LABSWE).
The LBM for shallow water equation (LABSWE) based on the 9-velocity square lattice pattern is approached. The lattice pattern indicated the movement of the particle on a lattice unit at its velocity along one of the eight links specified 1-8 ( Figure 1 ). Meanwhile, the zero value means the particle is at resting phase with zero speed. The Lattice Boltzmann equation (LBE) can be determined as
where is the particle distribution function; = Δ /Δ , where Δ is the lattice size and Δ is the time.
is a constant determined by
There are two steps in LBM including streaming and collision. If the particles move at their own velocities towards their nearest neighbours, it is called streaming step. On the other hand, collision step occurs when the particles arrive at lattice point and have interaction with one another. This interaction, according to the scattering rules, will affect their velocities and direction. Hence, the new distribution function is expressed as
where Ω is the collision operator and eq is the local equilibrium distributions function. The combination of streaming and collision steps in a 9-velocity square lattice modified the lattice Boltzmann equation as
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In the equation above, is the eddy relaxation time, and Π is defined as
In order to identify the velocity vector of particles in the square lattice, the equation that follows will be approached:
Hence, to solve the shallow water equations using LBM, a local equilibrium function is defined as
where ℎ is water depth and is flow velocity which can be obtained through
Flood Model.
There are a few parameters taken into account for the flood model in this study. The discharge rainfall ( ) was focusing on the data on November 2016 with the catchment area located in a nearby city; Ipoh is taken as a reference. The discharge can be calculated by using the Rational Formula based on urban Stormwater Management Manual for Malaysia (MSMA 2):
where is a peak flow (m 3 /s), is the average intensity of rainfall, and is site area. is the coefficient of a rainfall that can be obtained from the table provided by MSMA 2.
The discharge of a domestic waste usage is derived from the continuity equation
where is a peak flow (m 3 /s), is an average intensity of rainfall, and is the water velocity. The velocity of the water flow is obtained by using Manning's equation
In (12), is defined as the velocity of water in the drain (m/s), is Manning's Roughness coefficient obtained from the MSMA 2. (m) is referred as a hydraulic radius and (mm/hr) is a drain slope.
For the simulation process, the inlet drainage to the river is set up with a rectangular channel with dimension and slope of 300 mm × 600 mm and = 0.002, respectively. Meanwhile, the river nearby is defined to be rectangular stream channel with a flatbed bathymetry. The layout plan of the river is developed by integrating the AutoCAD system into LABSWE.
Results and Discussion
Turbulent Flow within a Channel with a Circular Cavity.
The flow in a channel with a circular cavity is simulated to demonstrate the ability of the model in simulating the effect of the turbulent flow in a river attached to a lake [12] . The shape of the model prediction for the simulation is prepared as illustrated in Figure 2 The and V velocity components along the vertical (aa) and horizontal (b-b) cross section were validated ( Figures  5 and 6 ) by comparing the data with data from Kuipers and Vreugdenhill (1973) [13] . The evaluation demonstrates that the model used in this study generates a better outcome than the previous data.
Turbulent Jet-Forced Flow in Circular
Basin. The jetforced flow in the circular basin was simulated by using the LABSWE [12] . The model of the simulation is designed in the symmetrical shape which is a standard profile of the circular basin. The dimensions and flow parameters for the model are shown in Figure 7 . is obtained from = 0.55 and = 0.25. The symmetrical channel model also generated velocity vectors of eddy and well-developed circulation flows as illustrated in Figures 8  and 9 , respectively. The validation is done by comparing the LBM data with the numerical result by Barber's model. Figure 10 the boundary-fitted primitive variable scheme results are in good agreement especially in the recirculation zones.
Case Study:
Flood at Taman Raia Mesra, Gopeng, Perak, Malaysia. Taman Raia Mesra, Gopeng, is located at the district of Kampar, Perak, within a Peninsular Malaysia (Figure 11 ). This 30-acre land is a project site for the residential area. The area was flooded at the end of 2016 and is believed to occur due to the overflow of water from the nearby river basin. The retention pond found nearby the area is a function to hold the excess water from the land and is attached to the river by a small outlet.
The cross section layout for the focusing area including a pond, outlet pond, and river is illustrated in Figure 12 The LABSWE model is used to investigate the behaviour of the water flow. The simulation test was carried out by using a model resulted from a conversion of AutoCAD file into PNG image comprising a grid lattice size of 396 × 154 ( Figure 13 ). The time step used is = 0.01 with an iteration of 10,000. The kinematic viscosity is set up with = 1.1 and = 1.0. The simulation results were observed for every 5 seconds starting from 0 s up to 100 s. The analysis revealed the water depth at the outlet of the pond and velocity profile of the domain area as plotted in Figures 14-18 .
The water depth at the outlet of the pond has been recorded for 100 sec. The result shown in Figure 14 illustrated that the water depth in the outlet increased from 0.9 m until 0.92 m. There are no significant changes of water profile observed during the simulation. However, it is noticed that a hydraulic jump profile had occurred within the channel. The occurrence can be related to a steep slope and high velocity. Figure 15 shows a contour of water depth in the domain area. The highest water depth is observed at the beginning of the channel due to the very steep slope for the outlet. The water depth will increase with time due to the size of the outlet channel that is too small for capturing the water flow.
In order to understand the flow directions in the domain area, the figure of velocity vectors has been produced as shown in Figures 16 and 17 . Figure 16 is the velocity vectors for the whole domain area. It is observed that there are no anomalies in the simulation result. However, a close-up view has been done near to the outlet pond area such as in Figure 17 shows that the water is flooding from the river into the outlet pond channel. This is a very significant effect that can cause flooding to the residential area. In addition, towards the results analysis, a velocity contour of the domain area has been produced and studied as illustrated in Figure 18 . The water velocity in the stream has increased from 0.5 m/s to 1.09 m/s due to the heavy rainfall event.
Conclusions
The LABSWE is used for simulating a flood event at Taman Raia Mesra, Gopeng, Perak. The turbulent flow and jet force flow in a circular channel had been tested for a model validation. The outcome for both validations shows a very satisfactory result. The LABSWE also has been incorporated with rainfall and storm water parameters for November 2016. The investigation had proven the incompatibility of the size of the outlet pond which is too small for the water to flow out to the river. The situation then can cause a flood to the pond area and will finally overflow to the residential area. In order to overcome this problem, equatorial countries like Malaysia should consider the heavy rainfall and stormwater discharge when designing an outlet as the country is always receiving the heavy rainfall continuously.
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